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Abstract--The naphthenic crude oil from the "W" oil-gas field differs from almost all other, paraffinic 
base oils discovered until now in the Yugoslav part of the Pannonian basin. In order to explain this 
difference, some geological and organic geochemical investigations were carried out. 
On the basis of the bulk and biomarker parameters, determined inoil samples taken from 13 producing 
wells located at different parts of the field, it is concluded that the crude oil throughout the field has an 
almost uniform composition. However, some differences inalkane content, due to biodegradation a d/or 
water washing were found. In the northeast part of the field where a tilted oil-water layer shows an active 
hydrodynamism, and where the temperatures are the lowest and pressure gradients the highest, the 
isoprenoids pristane and phytane were detected in trace amounts--indicating the most intensive 
biodegradation. I  the central part, where a hydrocarbon accumulation exists in a Miocene reservoir, 
somewhat lower biodegradation was observed. 
The crude oil from this field has probably a mixed terrestrial-marine origin and is derived from 
argillaceous source rocks sedimented in marine delta or brackish lakes. 
Specific maturation parameters confirmed that the "W" crude oil has reached a quite uniform and 
significant thermal maturation. Considering maturation parameters such as ratios C30 moretane/hopane 
and C29 ~ (20S)/~a (20S) + (20R) steranes, as well as the presence of oleanane, itcould be proposed that 
the "W" oil originates from a Pre-Tertiary source rock, at least an Upper Cretaceous one, unlike most 
Pannonian basin oils which are Tertiary in age. 
Key words---oil-gas field, Pannonian basin, Yugoslavia, oil composition, origin and maturity, biomarkers, 
stereoisomers 
INTRODUCTION 
The investigated "W" field contains one of the most 
productive reservoirs in the southeastern part of the 
Pannonian basin in the territory of Vojvodina 
(Yugoslavia). The "W" oil is among the few oils in 
this region which are naphthenic. Other oils in Vojvo- 
dina are mainly paraffinic (~aban et al., 1988 and 
unpublished results). The scope of the investigations 
was to establish if the difference was due to the origin 
of the crude or to degradation by bacterial attack 
and/or water washing. Both processes are known (e.g. 
Price, 1980) to change light, paraffinic, low-sulfur, 
"mature" crude into heavy, naphthenic or asphaltic, 
immature looking, high-sulfur crude. Previous tudies 
(Karovi6 et al., 1969; ~arkovit, 1972) should be 
updated with additional geologic data on the "W" 
structure. Also, oil samples from 13 wells located 
in various parts of the field were tested for those 
molecular parameters which define the origin, matu- 
rity and possible changes in the reservoir. 
GEOLOGY OF THE INVESTIGATED OIL--GAS FIELD 
The "W" oil-gas field is located in the southeastern 
part of" the Pannonian basin, in northeastern 
*Author to whom all correspondence should be addressed. 
Yugoslavia (Fig. 1). The structural feature associated 
with the oil accumulation is a north-south trend 
which separates the depressions of Banat and south 
Batka. 
The oldest rocks of the "W" feature are crystalline 
schists and gneiss, drilled in the central, north and 
northeast parts of the structure. A Paleozoic age was 
assumed on the basis of lithologic analogy. Triassic 
carbonates were recorded in the central, south and 
east parts of the structure. These carbonates are the 
shallowest in the east, where they are immediately 
overlain by Lower Pliocene clastics, and considerably 
deeper on the south flank of the structure. Pre- 
Badenian and Badenian sediments, including clays, 
shales, sandstones, tuflites, organic and detritic lime- 
stones, were deposited in lacustrine and marine en- 
vironments, respectively. The crystalline schists and 
the Triassic carbonates are unconformably overlain 
by lacustrine sediments. The marine deposits extend 
mainly in the south, west and north parts of the 
structure. Three depositional units can be distin- 
guished in the Pliocene and Quaternary sediments: 
sandstones and a marly unit, deposited in brackish 
water during Pontian, and the thick, clayey-sandy 
facies Paludine and Quaternary in age. 
Structure "W" is a typical anticline formed by 
compaction of Neogene sediments on an uplifted, 
d,77 
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Fig. I. Schematic view of Pannonian Basin. The 
Paleozoic (?) and Mesozoic relief (Fig. 2). The tec- 
tonic activities that created the structure took place 
in various times, mainly in Pre-Neogene and Neo- 
gene. During the long Pre-Neogene depositional 
period, the area was uplifted and subsequently 
eroded. In the central part of the structure, a Post- 
Triassic fault (not shown in Fig. 2) extends from 
northeast o southwest and limits the crystalline 
basement and the Mesozoic carbonates. From the 
point of view of petroleum geology, most important 
is the fault of the northeast-southwest trending, 
parallel with the Post-Triassic fault, which limits the 
field (Fig. 2) by downthrowing the northwest flank of 
the structure. This faulting occurred in the Pontian, 
before the accumulation of hydrocarbons and it 
defined the final shape of the trap. The northwest- 
southeast oriented Paludine fault downthrew the 
southwest block of the structure from 10 to 30 m (Fig. 
2) and it set no barrier for hydrocarbon migration 
and accumulation. 
Pontian sandstones, which extend over rocks of 
various ages all over the structure and which are 
capped by the marly unit, form the most important 
reservoir rocks of the field, Their porosity values 
range from 22 to 35%. The average permeability is
high (1340 roD). The water saturation is rather low, 
with an average of 14%. 
The "W" field also contains minor reservoirs, such 
as the Miocene lacustrine deposits, the Mesozoic 
carbonates and the weathered Paleozoic crystalline 
schists. However, the reserves contained in these 
field location is indicated as a black rectangle. 
rocks are negligible as compared to the reserves 
contained in the major, Pontian accumulation. At 
present, only two wells produce oil from the Miocene 
lacustrine deposits: W-120 and W-126. It remains to 
be established if the Miocene and Pliocene oil ac- 
cumulations are interconnected. 
The reservoir is a complex combination of bedded 
and massive sandstones and the trap is both strati- 
graphic and structural [Figs 3(a) and 3(1o); Aksin 
(1967)]. 
The formation temperature atthe average depth of 
the reservoir, calculated as 658 m s.s., ranges from 59 
to 73°C. The temperature is highest in the south and 
lowest in the north. The initial static pressure was 
76.4 atm at 658 m s.s. and 74.9 atm at the absolute 
gas-oil contact level of 641 m s.s. The highest 
pressure gradients are in the northeast part of the 
reservoir. 
The gas-oil contact is horizontal and at 641 m s.s. 
The oil-water contact is tilted in the Pontian sand- 
stones, at 685m s.s. in the east and north and at 
669 m s.s. in the south and southeast. The oil-water 
contact at the base of the Triassic carbonates appar- 
ently forms a single unit with the Pliocene reservoir 
rocks, as established in W-68 at 675 m s.s. In the 
Pliocene reservoir, with exceptionally good petro- 
physical properties, no lithologic beterogeneities were 
noted, at least none that would act as barriers and 
produce an inclined oil-water contact. The inclined 
oil-water contact was interpreted as being due to the 
effect of meteoric water coming from the Fru~ka 
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Fig. 2. Structural map of the "W" 
Gora, a mountain about 60 km far from the "W" 
field, through the Mesozoic carbonates. The facts 
that the lowest emperatures and the highest pressure 
gradients were recorded in the northeast part of the 
reservoir and that the oil-water contact ilts in the 
eastern part of the reservoir, where the Pliocene rocks 
are immediately overlying the Triassic carbonates, 
would support his hypothesis. 
The interpretation of the available geologic and 
well test data leads to the conclusion that the Pontian 
sandstones, the Mesozoic carbonate rocks and the 
crystalline schists represent a single accumulation. 
However, it is not clear if the Miocene hydrocarbon 
accumulation belong to the same hydrodynamic sys- 
tem or not. The low energy of these reservoir rocks 
field on top of the Pliocene clastics. 
implies either small amounts of oil in place or little 
communication with the Pliocene aquifer. 
SAMPLING AND ANALYTICAL TECHNIQUES 
The oil samples were taken from 13 production 
wells indicated on the structural map (Fig. 2). The 
geological data related to the reservoir ocks are 
presented in Table 1. 
The API gravity was determined according to IP 
Standard No. 260/68 (1977). The sulfur content was 
determined by Schtniger microanalysis. The va- 
nadium and nickel contents were determined by the 
atomic absorption method in oil ash obtained after 
igniting a 30 g oil sample in the presence of 3 g sulfur. 
-3
0
0
 
~
50
0 
,-6
O
O
 
-T
00
 
-B
IX
) 
~
9
0
0
 
,1
00
0 z
 
! w
 
W
-9
 
W
-1
4
 
W
-t
. 
W
-I
I 
W
-1
 2
0
 
/ 
ll
ll
m
ll
lI
Il
ll
 
|t
t'
 
il
l,
, 
..
..
..
. 
- 
6
9
2
.1
 
- 
7 
II,
,9
 
-7
9
4
.1
 
- 
8
0
2
.3
 
L
E
G
E
N
O
 
M
A
R
L 
IT
1T
I]T
m
 
SA
N
D
-~
M
, ID
ST
O
N
E 
I 
AR
G
IL
LA
CE
O
US
 
CL
AS
TI
CS
 
DO
LO
M
 I T
 E 
CR
YS
TA
LL
IN
E 
SC
H
IS
T 
G
A
S
 
Z
O
N
E
 
O
IL
 
Z
O
N
E
 
W
A
T
E
R
 
Z
O
N
E
 
Fi
g
. 
3
(a
).
 C
ro
ss
 s
e
ct
io
n
 o
f 
th
e
 "
W
" 
fi
el
d
 (w
el
l N
o
s 
9,
 1
4,
 4
, 
lI
, 
12
0,
 2
1
, 5
1 
a
n
d
 1
5)
. 
W
-2
1
 
- 
6
9
2
.8
 
W
-5
1
 
-7
3
~
.9
 
W
-1
5
 
--1
 
-7
1
8
.7
 
$ 
t-
 
>
. 
.id
 
a-
 
t ,,.
i 
W
 ,-7
~
 
W
-1
~
1 I 
-7
9
1
.9
 
W
-r
, 
W
-6
3
 
W
-2
9 
-7
1
6
.9
 
-.
..
..
. 
-6
9
~
B
 
--
-..
...
. 
-7
1
7
.0
 
L
E
G
E
N
D
 
M
A
R
L 
S
A
N
D
 - 
SA
N
D
ST
O
N
E 
F
~
 
AR
G
IL
LA
C
EO
U
S 
CL
AS
TI
CS
 
-:
 ~
i O
0C
O
M
n E
 
r
~
 C
RY
ST
AL
LIN
E 
SC
H
IS
T 
/ 
G
A
S 
Z
O
N
E 
I 
o,
c Z
O
N
E 
W
AT
ER
 Z
O
N
E 
Fi
g
. 3
(b
).
 C
ro
ss
 se
ct
io
n
 o
f 
th
e
 "W
'"
 fi
el
d
 (w
el
l N
o
s 
1
4
1
, 4
, 4
3
, 2
9
, 6
3
, X
I 
a
n
d
 IX
).
 
W
-6
3
 
-9
1
1
2
 
W
-X
l 
-7
1
8
.2
 
W
-I
X
 
-7
5
~
6
 
o
. 
0
 
482 M. M. ~ABAN et al. 
Table I. Geological data on the reservoirs where the analyzed oils were sampled 
Well Perforated interval Reservoir Data 
No (m) Age Lithology Temperature (°C) 
W-120 756-758 
W-126 769-773 
W-98 752-758 
W-88 / 
W-8 759-762 
W-50 760-762 
W-87 / 
W-6 753-757 
W-52 758-764 
W-127 7~7-751 
W-44 748-753 
W-3 769-773 
W-67 778-781 
Miocene Sandstone ND 
Miocene Sandstone ND 
Pllocene Sand, sandstone hl) 
Pllocene Sand 65.3 
Pliocene Sandstone 66.8 
Plioeene Sand, sandstone 62.0 
Plioeene Sand 60.9 
Pliocene Sandstone 68.0 
Pllo~ene Sand, sandstone ND 
Pliocene Sand, sandstone ND 
Pliocene Sand, sandstone 70.0 
Pliocene Sandstone 63.0 
Pliocene Sand, sandstone 64.0 
The asphaltenes were precipitated in a treatment with 
n-heptane for 16 h at room temperature and for 
15 min at the solvent boiling temperature. The sol- 
vent and the low boiling components were removed 
from the filtrate at 50°C in a rotating vacuum evap- 
orator. The obtained C~5 ÷ fraction was separated into 
saturated, aromatic and polar fractions using column 
chromatography (silica gel; petrol-ether, mixtures of 
petrol--ether and benzene and mixtures of methanol 
and chloroform as developers). Gas chromatography 
(GC) of the saturated hydrocarbons and urea 
adducts and gas chromatography-mass pectrometry 
(GC-MS) of urea nonadducts were performed as 
previously described (~aban et al., 1988). 
RESULTS AND DISCUSSION 
The geological data (Figs 1-3 and Table 1) show 
that the hydrocarbon accumulation is at shallow 
depth, <1000m, with the reservoir temperature 
ranging from 59 to 73°C and a tilted oil-water 
contact level. Under these conditions in situ changes 
of oil composition by biodegradation and/or water 
washing, processes which could account for the naph- 
thenic character of the crude, may occur. On the 
contrary, changes due to thermal maturation in the 
reservoir are unlikely. The bulk and specific, organo- 
geochemical parameters were evaluated with the goal 
of establishing if, and to what extent, these changes 
occurred in the whole field or parts thereof. 
The bulk parameters given in Table 2 show that 
there are no significant differences between the ana- 
lyzed samples. 
API ° values range between 23 and 25 °, sulfur 
content between 0.4 and 0.6°,/0, asphaltenes between 
0.1 and 1%, maltenes between 85 and 89% (except 
for samples W-120 and W-126, where the values are 
Table 2. Bulk parameters of the analyzed oil samples 
Well API ° Sulfur V/Ni Asphaltenes Maltenes Volatile Satur. HC Aromatics Polar eomp. 
No (%) (%) (%) components relat, to malt. relat, to malt. relat, to malt. 
C%) (~) (~) (~) 
W-120 24.1 0.55 0.13 0.19 54.11 45.70 60.96 16.78 22.26 
W-126 25.3 0.57 0.07 0.22 79.29 20.49 62.06 16.07 21.87 
W-98 25.5 0.~2 0.50 0.34 89.01 10.62 65.97 17.12 16.91 
W-88 23.3 0.41 0.II 0.96 87.64 11.40 69.25 15.50 15.25 
W-8 24.2 0.41 0.19 0.11 85.96 13.93 55.96 17.04 27.00 
w-50 23.9 0.44 0.16 0.26 86.23 13.57 57.82 16.28 25.90 
W-87 23.3 0.39 0.20 0.35 86.32 13.33 66.31 15.65 18.04 
w-6 25.0 0.54 0.33 0.19 89.11 10.70 62.70 17.99 19.31 
W-52 23.9 0.57 0.32 0.56 85.06 I~.38 57.72 20.36 21.92 
W-127 22.8 0.59 0.20 0.58 87.41 12.01 56.97 18.73 24.30 
W-44 23.8 0.35 0.26 0.08 85.12 14.80 6~.~3 14.71 20.86 
W-3 23.4 0.39 0.24 0.14 85.05 14.81 63.88 16.60 19.52 
W-67 23.0 0.5~ ND 0.57 84.06 15.37 58.11 16.50 25.39 
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much lower) and those of the volatile components 
between 11 and 15% (except in the case of sample 
W-120 and, to some degree, W-126). There is a major 
difference in the V/Ni ratio; samples W-120, W-126 
and W-88 exhibit values which may correspond to 
fresh water environments, while the values of other 
samples fall within the limits characteristic ofmarine 
environments (Mello et al., 1988). Further, differ- 
ences exist in the maltene group analysis: 56-69% of 
saturated hydrocarbons, 15-20% of aromatics and 
15-26% of polar compounds. 
The similarities and dissimilarities among the oil 
samples are better established when using specific 
parameters like the distribution of ,-alkanes, pristane 
and phytane, tri- and tctracyclic terpanes, pentacyclic 
triterpanes, such as hopane, gammacerane and 
oleanane, and C~7--C29 steranes. 
In the gas chromatograms of saturated hydro- 
carbons, the peaks corresponding to pristane and 
phytane dominate [a typical example is shown in 
Fig. 4(a)]. The peaks generated by n-alkanes are small 
and of similar intensities to the large number of 
another peaks [Figs 4(a) and 5(a)], a good indication 
of a moderate biodegradation f the pooled oil (e.g. 
Volkman et al., 1983). The values of the temperatures 
measured in the reservoir (Table 1), lower than or 
close to the threshold of microorganism activity 
(77°C; Philippi, 1977; Alexander et al., 1983), seem to 
support his statement. Only in the cases of W-120 
and W-126 was a homologous eries of n-alkanes, 
C16-C34, reliably proved to be in the urea adduct 
[Fig. 4(b)]. In the urea adducts of other samples, 
particularly of W-3, W-44 and W-67, only traces of 
n-alkanes were detected [Fig. 5(b)]. Therefore, the 
values of CPI are not representative. Biodegradation 
did affect the chemical composition of the analyzed 
samples and hence the orion of the oil cannot b¢ 
established using the abundance and distribution of 
n-alkanes. 
Real proof that biodegradation is currently active 
in the "W" field is the isolation of lipolitic bacteria in 
the aquifer of wells W-52 and W-3. The growth of these 
bacteria depends on paraffinic feed (Gajin, 1989). 
The hydrocarbon composition of the urea adduct 
of crude oils W-120 and W-126 (Miocene hydro- 
carbon accumulation, Figs 3(a) and 4(b)] indicated 
that this part of the structure (Fig. 2) is not in direct 
contact with formation water. 
Phytane dominates over pristane in all the samples 
analyzed [Pr/Py < 1, Table 3 and Fig. 4(a)]. Pr/Py 
values range from 0.35 to 0.59; the greatest ratio was 
encountered in oil samples from wells W-120, W-126 
and W-127 (0.55, 0.57 and 0.59, respectively). The 
higher phytane content in relation to that of pristane 
is probably due to reduction processes prevailing at 
the time of source rock deposition (Welte and 
Waples, 1973; ten Haven et al., 1985, 1987) and/or to 
the contributions of marine source rocks in the 
genesis of the crude oils from field "W" (ten Haven 
et al., 1985, 1987; Powell and Mckirdy, 1973). Since 
during oil maturation phytane is generated more 
rapidly than pristane (Waples, 1985), the established 
value of Pr/Py (< 1) could be in response to higher 
maturity. Unlike the other samples, W-3, W-44 and 
W-67 contain only traces of pristane and phytane 
(Fig. 5). This would prove that the biodegradation f 
the oil in the northeast part of the field was more 
significant. 
a 
n- ~27 
UREA .~DUCT 
RETENTION TIME 
Fig. 4. Capillary gas chromatograms of the saturated hydrocarbons (a) and urea adduct (b) of the crude 
oil sample W-120, showing minor biodegradation. 
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b) UREA ADDUCT 
RETEMTION TIME 
Fig. 5. Capillary gas chromatograms of the saturated hydrocarbons (a) and urea adduct (b) of the crude 
oil sample W-67, typical for moderate biodegradation. 
The source parameters calculated from tcrpane 
biomarker distributions [Figs 6(a) and 6(b)] are pre- 
sented in Table 3. 
The ratio of C23 tricyclic terpan¢ and C24 tetracyclic 
terpane (parameter 2, Table 3) is helpful in evaluating 
the contribution of marine (C23-tricyclic) and terres- 
trial (C24-tetracyclic) organic matters in oil generation 
(Philp, 1985). The values of this parameter for the 
analyzed oils show little variation (in the order of 1) 
and could indicate that the contributions of continen- 
tal and marine organic matters in producing the oils 
sampled from 13 wells of field "W" were almost 
equal. 
The oleanane/C30 hopane x 100 parameter is about 
constant for the oil samples analyzed (12-14; par- 
ameter 3, Table 3). The presence of olcanane, an 
indicator of terrestrial inputs in predominantly Ter- 
tiary basins, mainly of deltaic nature (Ekweozer et al., 
1979; Riva et al., 1986), as well as in Upper Creta- 
ceous sediments (Riva et aL, 1988), is more evidence 
of the participation of terrestrial organic matters in 
the genesis of the "W" oils. 
The abundance of the pentacyclic triterpane gam- 
maceran¢ relative to C30 hopane (parameter 4, 
Table 3) is a useful parameter for evaluating the 
salinity of the environment of deposition of source 
rock, since high amounts of gammacerane are found 
in oils originated from marine evaporites and/or 
highly reducing saline environments. Only minor 
amounts of gammacerane were found in the oils 
Table 3. Molecular source parameters of the analyzed oil samples 
. . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 2 3 _4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 6 
Well 
No 
W-120 
W-126 
W-98 
w-88 
W-8 
W-50 
W-87 
W-6 
W-52 
W-127 
W-44 
W-3 
w-67 
tri-/C~4 tetra- Oleanane I" C~m~meerane Pr/Py C23 Terpafles ~ x  uO ~ xlO0 ~ Tm/Ts 
0.66 0.87 13 4.8 0.53 0.85 
0.64 0.92 12 6.9 0.52 0.82 
0.53 0.92 13 4.9 0.52 0.84 
0.55 ND 15 9.2 0.45 0.96 
0.52 1.05 13 7.6 0.51 0.74 
0.52 0.96 13 6.8 0.54 0.85 
0.46 0.94 14 9.0 0.48 1.07 
0.40 1.04 14 6.8 0.51 0.88 
0.45 1.01 13 6.6 0.52 0.90 
0.33 1.18 13 4.9 0.5~ 0.87 
0.40 0.97 13 6.9 0.48 0.63 
0.40 1.02 12 6.6 0.48 0.78 
0.50 0.91 14 7.1 0.48 0.54 
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W,-120 
a) m/z 191 
, TIL 
TRICYCLIC TENPANES C24 
C26 
RETENT 
b) m/z 191 
% 
..... ~LtL~ J '~ 
ON T IME 
D 
?ENTACYCLIC TERP&NES 
C 
Fig. 6. Distributions of tri- and tetracyclic terpanes (a) and pentacyclic terpanes (b) of the crude oil sample 
W-120, typical for the crude oil samples tudied. C24 = tetracyclic terpane; Ts = 18a(H)-22,29,30-tris- 
norhopane; Tm = 17ct (H)-22,29,30-trisnorhopane; O = oleanane; M = moretane; and G = gammacerane. 
derived from marine carbonates and lacustrine de- 
posits (Mello et al., 1988). Gammacerane concen- 
trations in the analyzed oil samples are low [Fig. 6(b) 
and Table 3], lower than the concentrations of 
oleanane. This may demonstrate hat the "W" oil is 
not derived from marine evaporites nor from a 
sediment deposited in highly reducing saline media. 
The value of C29/C30 hopane for all the oil samples 
is < 1 (parameter 5,Table 3). This may be due to the 
Tertiary age of the oil (Pym et al., 1975). However, 
this parameter should help distinguish the mineral 
matrix of depositional environments. When the value 
of C29/C30 < 1, as for the analyzed oil samples, the 
marine carbonates may be eliminated in favor, of 
clays, shales and lacustrine carbonates as source 
rocks (Sofer, 1988). 
The ratio of two isomers of C27 hopane, 17ct(H)- 
22,29,30-trisnorhopane (Tm) and 18~(H)-22,29,30- 
trisnorhopane (Ts) (parameter 6, Table 3), is a 
maturity (Seifert and Moldowan, 1978) as well as 
source parameter since it enables mineralogic evalu- 
ation of the source rock (Seifert and Moldowan, 
1981). Namely, Tm is converted to Ts during matu- 
ration provided the mineral matrix contains uitable 
catalysts such as clays and shales, but excluding 
carbonates. 
Of the steranes biomarkers (Fig. 7), the distri- 
bution of regular (20R)-C27--C:9 steranes can be used 
W-120 
m/z 217 
. .  ' ,-. 
STERANBS 
C28 
RETENTION T IME 
Fig. 7. Distribution of steranes of the crude oil sample 
W-120, typical for the crude oil samples tudied. 
as a reliable parameter to evaluate the organic matter 
type of the depositional environment (Huang and 
Meinschein, 1978; Hoffman et aL, 1984). The pres- 
ence of C27, C28 and C29 regular steranes (data in the 
triangular plot, Fig. 8) leads to the conclusion that 
the analyzed oil was produced from residues of 
both continental and marine organisms deposited, 
probably, in deltas and/or brackish lakes. 
The discussed molecular, source correlation par- 
ameters (Figs 6--8, Table 3) indicate that all the 
analyzed oil samples are of the same genetic type, that 
their origin can be traced to both terrestrial and 
marine organic input from a noncarbonate source 
rock. 
The maturity of the "W" oil can be evaluated using 
the maturation parameters in Table 4. 
According to the Cn (22S)/(22S) + (22R) hopanes 
and C29 ~tct(2OS)/ct~t(2OS)+(2OR) sterane matu- 
ration parameters, the maturity of the 13 analyzed oil 
samples is uniform and rather high as the epimeriz- 
ation reactions of hopane at C-22 and sterane at C-20 
reach equilibrium according to the literature data 
(parameters 1 and 3, Table 4) (Mackenzie t al., 1982; 
Seifert and Moldowan, 1981). 
The low ratio of the biolipid C30 moretane and 
geolipid C30 hopane (parameter 2, Table 4) indicates 
a low concentration of 178 (H), 21 ~ (H) (22R) epimer 
(moretane) in relation to the thermodynamically 
more stable geolipid isomer 17~t(H),218(H)(22R) 
hopane, and thereby a high maturity of all the tested 
oils. 
The concentration of the thermodynamically 
more stable epimer Ts is higher in all samples than 
the concentration of the less stable Tm (parameter 6,
Table 3). This again leads to the conclusion that 
the analyzed oil samples are highly mature. It 
was possible to use the Tm/Ts ratio as a maturity 
correlation parameter after establishing that the 
analyzed samples originated from source rocks with 
the same or similar mineral matrix of noncarbonate 
type. 
The epimers' 14a (H), 17~t (H) and 148 (H), 178 (H) 
C29 (20S +20R) abundance ratio (parameter 4, 
Table 4) is a maturity parameter, the value of which 
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is some 0.7 when both epimerization reactions 
(20R =205 and ~a =##) reach equilibrium 
(Grantham, 1986). As indicated in Table 4, the values 
of this parameter are lower in all cases (0.50-0.54). 
The incomplete isomerization of the normal steranes 
into isosteranes is probably due to the formation of 
isosteranes at a slower rate than the formation of 20S 
regular steranes (Grantham, 1986). 
The values of the discussed maturity parameters 
for the 13 tested oil samples fall within a narrow 
Table 4. Molecular maturation parameters of the analyzed oil samples 
1 2 3 4 5 6 
Well 
No 
W-120 
W-126 
W-98 
W-88 
W-8 
W-50 
W-87 
.W-6 
W-52 
W-127 
W-a4 
W-3 
W-67 
:32 ~ C~O mr,et~ne C~= ~.~,CZOS) C~Q / J~(~l~)  C20 C27 
8opanes C30 hopane =" .{~(20S).~,~K EOR } - -  ~,~ ('20S+20R) *d,~K 20S+20R ) 
~,enmes $tenmes ~ 
1'rt~om. st. 'l't,Jawom. st. 
0.58 0.098 0.51 0.52 0.5~ ~. 13 
0.55 O. 101 0.52 0.51 0.50 1.19 
0.60 0.093 0.55 0.54 0.48 1.17 
0.59 0.113 0.51 0.55 ~ k'D 
0.57 0.093 0.53 0.50 0.55 1.14 
0.58 0.093 0.54 0.52 0.53 1.20 
0.54 O. 118 0.52 0.52 ~ ND 
0.58 0.10Z 0.52 0.52 0.58 1.11 
0.59 0.091 0.53 0.54 0.54 1.26 
0.58 0.092 0.55 0.53 0.48 1.12 
0.58 0.085 0.52 0.53 0.52 1.19 
0.60 0.082 0.53 0.52 0.52 1.0a 
0.57 0.085 0.53 0.52 0.62 1.25 
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Fig. 9. Cross plot of the C29 sterane isomerization parameter 
20S/(20S+20R) against C30 moretane/17a(H) hopane 
ratios in crude oils, "W" field. 
range (Table 4) and probably demonstrate the unique 
origin of the "W" oil. 
Figure 9 shows a plot of two maturity parameters: 
C29 steranes ~,(20S)/(20S+20R) and C3o more- 
tane/hopane. Both parameters exhibit low rates of the 
isomerizations (20R)-,(20S) and C30 moretane-,C30 
hopane so that the 70Myr of Tertiary do not 
seem sufficient for reaching equilibrium, even if the 
source rocks were in a high temperature gradient 
(Grantham, 1986). After Grantham (1986) the C30 
moretane/hopane and C29 (20S)/(20S) + (20R) ratios 
of the Tertiary oils are 0.1-0.3 (usually 0.15-0.20) and 
0.18-0.50 (usually 0.35-0.48), respectively. In view of 
the above data and of the values resulting from "W" 
oil (Table 4, Fig. 9), it could be stated with a high 
degree of reliability that the analyzed "W" oils 
originate from Pre-Tertiary source rocks. 
The absence of monoaromatic steranes and the 
distribution of triaromatic steranes seems to support 
the high and uniform maturity of the tested oils (Shi 
et al., 1982). As an example, Fig. 10 contains m/z 231 
and m/z 253 fragmentograms for W-120. 
The absence of monoaromatic steranes and the 
relatively high concentration of triaromatic steranes, 
C20 and C2m, in all cases confirm once again the 
uniform and high maturity of the tested crudes from 
the "W" field. 
Besides geologic time, temperature is another very 
important factor for epimerization fC3o moretane to 
C3o hopane and aromatization ofsterane (Mackenzie 
et al., 1983; Grantham, 1986). The conclusion that 
can be drawn from the data contained in Table 4 
(parameters 2-6) and Figs 9 and 10 is that the source 
rocks of the tested oil samples were subject o high 
temperatures. 
CONCLUSIONS 
The study of the composition of hydrocarbon 
fractions proved that the "W" crude oil was bio- 
degraded with a loss of n-alkanes. The intensity of 
biodegradation varied within the oil field. It was most 
intense in the northeast part (W-3, W-44, W-67) 
where the isoprenoid alkanes pristane and phytane 
were found only in trace amounts; biodegradation 
seems to be associated in this part of the field with the 
inclined oil-water contact. The lowest temperature 
and the highest pressure gradients were recorded for 
this same part of the reservoir also. Somewhat lower 
biodegradation was observed for the small Miocene 
hydrocarbon accumulation (W-120 and W-126), indi- 
cating its bad, if any communication with the aquifer 
associated with the main pool. The observed 
biodegradation in the "W" crude oil seems to be the 
main cause for the different nature of this oil com- 
pared with most other oils discovered to date in the 
southeast part of the Pannonian basin. 
On the basis of bulk and biomarker parameters it 
can be concluded that all the crude oil samples 
studied have mainly uniform composition. The crude 
oil probably has a mixed terrestrial-marine origin, 
and derives from argillaceous ource rocks sedi- 
mented in marine delta or brackish lakes. It could be 
proposed that the "W" oil migrated to the reservoir 
rocks through the Post-Triassic fault. 
Specific maturation parameters confirmed that the 
"W" crude oil has reached a quite uniform and 
significant thermal maturation. Considering matu- 
ration parameters such as the ratios C30 moretane/ 
hopane and C29 ~(20S)/~(20S)+ (20R) steranes, 
as well as the presence of oleanane, it could be 
proposed that the "W" oil originates from a Pre- 
~l W-120 MONOAROMATICS STERANES 
la) , ,,,. 
m/z 253 
TRIAROMATIC STEHANES 
, .1__ . .  
Fig, I0. Distributions of monoaromatic (a)and triaromatic steranes (b) of the crude oil sample W-120, 
typical for the crude oil samples studied. 
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Tertiary source rock, at least an Upper Cretaceous 
one, unlike most Pannonian basin oils which are 
Tertiary in age. 
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